Background Influenza A viruses (IAV) are important pathogens responsible for economic losses in the swine industry and represent a threat to public health. In Argentina, clinical, pathological, and virological findings suggest that IAV infection is widespread among pig farms. In addition, several subtypes of IAV, such as pH1N1, H3N2, d1H1N1, and d2H1N2, have been reported.
Introduction
Influenza A viruses (IAV) are important pathogens responsible for economic losses in the swine industry and represent a constant threat to public health. 1 The clinical presentations of IAV infection in na€ ıve swine populations are associated with outbreaks of acute respiratory disease in which morbidity can reach 100%. Thereafter, an enzootic or subclinical form of infection can be established. [1] [2] [3] [4] Virological, serological, and pathological cross-sectional studies are essential to determine the epidemiological status of a farm, region or country. 1 During the 2009, clinical disease and virus isolation of a pandemic H1N1 virus (pH1N1), in a commercial swine farm were reported for the first time in Argentina. 5 Furthermore, a non-contemporary wholly human H3N2 subtype was isolated from a swine farm and experimental infection showed high transmissibility among pigs. 6 Later, in 2011, reassortants of pH1N1 with H1N2 and H1N1 of human origin have been found. 7 Clinical, pathological, and virological findings suggest that influenza virus infection is widespread among pig farms in Argentina. 8 The aim of this study was to evaluate the infection patterns of influenza virus in nine pig farms of Argentina with previous reports of influenza-like signs by clinical, serological, virological, and pathological cross-sectional studies.
Materials and methods

Study design
A cross-sectional study was conducted between January and May 2012. Farm and pig selection criteria in each farm were based on accessibility and convenience as described below: 1. Herd selection: Farms with previous reports of influenzalike infection were invited to participate in the study. Nine farms with a total of 21 180 sows, which represents about 10% of the breeder stock of Argentina, accepted to participate in the study. The farms were located in Buenos Aires (two farms), Santa Fe (two farms), Cordoba (four farms), and San Luis (one farm) provinces, which represent the four main swine production areas in Argentina (Table 1) . 2. Pig selection: Pigs were evaluated to detect influenza-like clinical signs and to measure rectal temperature. Pigs with clinical signs were sampled; however, if <30 pigs with clinical signs were detected in each age group, a random sampling scheme was applied.
Sampling scheme
Nasal swabs and blood samples were obtained from 15 sows, 15 gilts and 30 pigs of 7, 21, 35, 49, 63, 77, 100, and 160 days old (n = 270), from each farm. This sample number, which was calculated using the EpiInfo tm software package (CDC, Atlanta, GA, USA), allows us to estimate the prevalence in a population of 1000 or more animals with an estimated prevalence between 5-20% and 95% of confidence.
Serological studies
The ID Screen Influenza A antibody competition ELISA kit (IDVet, Montpellier, France) was performed on sera from pigs according to the manufacturers′ instructions. IAVpositive serum samples from sows and 160-day-old pigs were analyzed for the hemagglutination inhibition (HI) test. The homologous and cross-HI assays were performed separately, using IAV subtypes previously isolated in Argentina: H1N1 cluster pandemic (pH1), rH1N2 cluster delta 1 (d1H1), rH1N1 cluster delta 2 (d2H1), and H3N2 cluster 2 (H3). The tests were performed according to standard procedures of Office International des Epizooties. 9 The Geometric Mean Titer (GMT) was calculated for each farm.
Virological and molecular studies
Nasal samples were individually collected with dacron swabs and stored in viral transport medium. Samples were tested in pools of up to five or six swabs collected from pigs from a single age group. Viral RNA was extracted from pooled nasal swabs and lung macerate supernatant using a QIAampViralRNA Mini kit (Qiagen, Hilden, Germany) and used for real-time RT-PCR (rRT-PCR) to detect the M gene of IAV. Genetic analysis and phylogenetic characterization Viral RNA was extracted from the culture supernatant and used to amplify the complete viral genome of IAV.
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Sequencing was performed using a BigDye Terminator Kit (Applied Biosystems TM ) on an ABI 3500 (Applied Biosystems TM ) using an appropriate set of primers. Sequences were edited and analyzed with BioEdit© (Ibis Biosciences, Carlsbad, CA, USA). The complete genome of each isolate was used for Nucleotide Blast analysis (http://blast.ncbi.nlm.nih. gov/Blast.cgi) to identify the most closely related IAV for each segment. Phylogenetic analyses were conducted using mega (ver. 5.0) software.
Histopathological and immunohistochemical studies
Complete necropsies were performed on pigs found dead during the visit (four farms). Several tissue samples including lung samples were collected for histopathological and virological studies. Samples were fixed in 10% buffered formalin, embedded in paraffin and stained with hematoxylin and eosin (H&E). Immunohistochemistry was performed on tissue of suspected cases using anti-NP antibody as described previously 5 
Results
Influenza-like signs characteristic of endemic influenza infection, such as cough, dyspnea, and fever, were observed in eight of the nine farms studied (Table 1) . 
Serology
Every farm tested positive for IAV antibodies. Overall withinfarm seroprevalence by ELISA was of 48Á5% and ranged from 7Á1 to 79Á4. Sows and 160-day-old fatteners showed the highest mean percentage of positivity. However, the range of positive animals varied among farms. The pattern of infection was grouped within two different scenarios. In farms G1 and G3 ( Figure 1A) , <50% of the sows or gilts were seropositive, and in the rest of the studied categories, the highest percentage of positive pigs was of 20%. In the remaining seven farms ( Figure 1B) , the mean seropositivity of the breeding stock was 60% or higher. A decrease in antibody levels was observed between 21-and 35-day-old pigs, in concordance with the post-weaning period and then increased steadily during the growing and fattening periods. No correlation was observed between percentage of seropositive pigs, clinical signs, and virological detection from nasal swabs. In all the farms analyzed, antibodies with reactivity against pH1, d2H1, and H3 antigens were detected, and in eight of the nine farms antibodies with reactivity against d1H1 were detected. The GMT was higher in sows than in 160-day-old pigs. The GMT was higher against pH1 antigen than against other antigenic clusters or strains. Only one farm (G0) had higher GMT against H3 than to pH1 antigens in sows, and two farms (G3 and G6) showed the same profile in fatteners. (Figure 2) . Moreover, 80Á5% of the sera evaluated had antibodies against more than one subtype, in which the most common combination of antibodies were against pH1, d2H1, and H3, and pH1 and H3 antigens ( Table 2 ).
Virology
Influenza virus was detected from nasal swabs in six of the nine farms (G0, G2, G3, G4, G7, and G8). A total of 33 (8Á14%) of the 405 pooled samples analyzed were positive by rRT-PCR. In addition, four of the twelve lung samples with pneumonic lesions, belonging to four different farms, were positive by rRT-PCR. Seventeen virus isolates (51Á51%) were obtained from five farms. Genomic characterization of HA, M, and NA genes of all the viruses isolated was carried out. The results showed more than 99% of similarity of these three genes between the isolations, and then we selected only one isolate from each farm as a representative to be fully sequenced. Four of the isolates showed 99% similarity with nucleotide sequences of H1N1 strains. Only one isolate was characterized as a reassortant H3N2 with internal genes of pH1N1 and external genes of human H3N2 (GenBank accession numbers from KC876520 to KC876559). Phylogenetic characterization showed that all the H1N1 isolates clustered together with pandemic viruses and the H3N2 isolate grouped into cluster 2 of the H3N2 subtype (data shown as additional supporting information).
Pathological studies
Thirty-four necropsies and histopathological studies were performed. Twelve pigs had macroscopic pneumonic lung lesions. The most common lesion, cranioventral bronchopneumonia, was observed in 10 cases (83Á33%), whereas distinctive scattered, dark red foci of lobular consolidation (chessboard-like) were observed in other two cases. Characteristic microscopic lesions such as necrotizing bronchiolitis and small and medium airways denuded or lined with regenerated epithelia and plugged with inflammatory and necrotic epithelial cells were observed in eight of the twelve pigs (66Á66%). Immunohistochemistry showed a positive reaction for IAV nucleoprotein only in one case, despite the positive virological results.
Discussion
Influenza A infection seems to be widespread among Argentinean pig farms although caution is exercised when extrapolating the results of this study to the complete Argentinean pig population due to the limited number of farms analyzed and the inclusion criteria. These results are in agreement with previous serological studies in which infection was detected in a high percentage of the farms evaluated. 12 However, no clinical signs or virus isolation were observed or reported before 2009. 5 Clinical signs observed in this study are similar to those reported in other studies, which mentioned that subclinical or endemic presentations are common. 3, 4 However, in several farms, managers reported a loss on productivity output associated with an increase in the percentage of mortality or decreased average daily gain after influenza infection (data not shown).
It is important to mention that most of the farms showing respiratory signs in the pig population were visited and sampled during the summer of 2012, which was unusually hot in Argentina. Clinical signs, however, were reported throughout the year. These results differ from the seasonal pattern reported in the North Hemisphere. 1 This could be explained by: a) intermittent reinfection with antigenically distinct strains; b) the control of the ambient environment applied in the intensive management farms analyzed; and c) the continuous presence of na€ ıve pigs.
The overall seroprevalence of all age groups was of 48Á5%. However, when sows and fatteners were analyzed, the prevalence increased to 66Á4% and 65%, respectively. Previous studies carried out in Argentina reported lower percentages of positive pigs 14 . In our study, all farms were seropositive to influenza A, although within-farm seroprevalence varied from 7Á1 to 79Á35%. These results are similar to those of a recent study in Spain using an ELISA test where antibodies against IAV were detected in 93Á9% of the farms evaluated. 3 In England, a national study detected antibodies to IAV in 52% of the farms analyzed. 13 Both studies informed a within-herd seroprevalence that ranged from 4 to 100%. 3, 13 Differences among studies could be associated with the antigen and test used, the transmission rate of the virus, the farm characteristics (one site or multiple site system, biosecurity, pig flow, replacement policies) or the dissemination of the IAV infection in swine farms after the 2009 pandemic, as suggested by the HI results. 3, 14 In the farms analyzed, two different patterns of infection were observed. In the first one, the low percentage of seropositive pigs in the fattening period suggests active circulation only in the breeding stock, probably caused by an ancient infection. On the contrary, the other pattern shows a clear seroconversion in the post-weaning period in concordance with the decrease in the maternal immunity and an active viral circulation.
In the present study, the antigens used for HI were from strains previously isolated in Argentina [5] [6] [7] , and the results obtained could be considered representative of the subtypes circulating in pigs in Argentina. Because vaccines to IAV are not licensed in Argentina, these results reflect the situation of IAV infection in non-vaccinated herds. The HI results showed that infection with viruses containing HA′s from different subtypes (pH1, d1H1, d2H1, and H3) is present among the farms studied (Figure 2) . However, as reported elsewhere, the frequency of detection of antibodies against each strain varies 3, 14, 16, 17 . In addition, and in agreement with that reported in several parts of the world, almost 80% of the sera analyzed had antibodies against two or more strains. 3, 13, [15] [16] [17] The HI Swine influenza studies in nine farms in Argentina ª 2013 Blackwell Publishing Ltd results indicated the cocirculation of different subtypes of IAV in the farms, which could lead to reassortment events. 3, 17 This has also been reported in Argentina, where two independent reassortant viruses emerged from the combination of pH1N1 internal genes and the surface genes from d2H1N1 and d1H1N2 swine influenza viruses. 7 The GMT was different among farms and categories evaluated. In sows, GMT values were higher than those observed in 160-day-old pigs. The lack of homogeneity of immunity in the categories evaluated warrants the continuous presence of susceptible pigs in the farms. This situation favors the sustainability of the infection in the farms and explains the results observed. 2, 3, 14, 18 The detection of IAV from nasal swabs of clinical healthy pigs in six of the nine farms studied indicates that this procedure is a useful tool in epidemiological active surveillance, as used in other species. 19 Moreover, in agreement with other studies 4, 16, 17 , a higher detection rate from pneumonic lung lesions was observed. This finding indicates that the viral isolation from lungs with pneumonic lesions could be a better sample than nasal swabs to detect and/or isolate influenza virus in epidemiological studies.
In this study, most of the isolated viruses were pH1. Furthermore, the reassortant subtype of H3N2 of human origin containing pandemic internal genes was isolated. The farm of origin of this reassortant virus had a history of influenza infection with a wholly human H3N2 subtype. 6 This finding suggests that the pH1 has become endemic and that its internal genes are maintained in the pig population by genetic reassortment. The positive selection of the HA and NA genes of pH1 and the concomitant better adaptation to the swine host could be one of the reasons that explains that this subtype is considered the most prevalent IAV subtype in several parts of the world as well as in Argentina. 9, 21 Evidence of IAV lesions was observed in the bronchioli in eight cases. IAV was isolated in four of them, and immunohistochemical studies revealed only one positive case. This result could be attributed to the fact that pigs examined postmortem were those found dead during the day of visit and to the fact that no clinically selected pigs were analyzed or to the low load of virus in the airways, particularly at the level of the bronchioli, where the virus initially multiplied.
This study provides more information about the circulation of IAV and its characteristics in a poorly surveyed region. This study also provides further data that may be used to evaluate the tools necessary to control this disease and thereby improve both the health status of the pig population and the general public health as this is a zoonotic disease.
